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Institute of Human Genetics, University of Go¨ttingen, Go¨ttingen, Germany
Large intergenerational repeat expansions of the CAG trinucleotide repeat in the HD gene have been well docu-
mented for the male germline. We describe a recurrent large expansion of a maternal allele with 36 CAG repeats
(to 66 and 57 repeats, respectively, in two daughters) associated with onset of Huntington disease (HD) in the
second and third decade in a family without history of HD. Our findings give evidence of a gonadal mosaicism in
the unaffected mother. We hypothesize that large expansions also occur in the female germline and that a negative
selection of oocytes with long repeats might explain the different instability behavior of the male and the female
germlines.
Huntington disease (HD) is a progressive neurodege-
nerative disease. The disease is characterized by invol-
untary movements and cognitive and psychiatric distur-
bances caused by the neurodegeneration of the basal
ganglia and cerebral cortex. The HD gene belongs to a
group of genes causing neurodegenerative diseases
through the expansion of a polymorphic CAG repeat
(The Huntington’s Disease Collaborative Research
Group 1993). According to the American College of
Medical Genetics and of the American Society of Human
Genetics (ACMG/ASHG), the range of mutated alleles
spans 40–250 CAG repeats (ACMG/ASHG statement
1998), whereas nonexpanded alleles carry !27 CAG re-
peats. Alleles of 27–35 repeats have not until now been
associated with HD. The ACMG/ASHG statement sug-
gests that these alleles be called “mutable normal alleles”
because of their potential meiotic instability (Goldberg
et al. 1993; Myers et al. 1993). Alleles with 36–39 CAG
repeats should be considered as having a reduced pen-
etrance. So far, large intergenerational expansions of 120
CAG repeats that are maternally transmitted have sel-
dom been described. In a recent report (Sanchez et al.
1997), there is evidence of a moderate expansion
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through the maternal germline from 37 to 43 CAG re-
peats. Nance et al. (1999) described a juvenile form of
HD in a child with 1200 CAG repeats that probably
originated from a maternal allele of 60 CAG repeats.
We have investigated two sisters (from a group of
seven siblings) with suspected HD and no family history
of HD. The first proband was 33 years old at the time
of the molecular test. Her clinical symptoms were:
paralysis of horizontal ocular movements, very serious
dysarthria, severe limb hyperkinesia, ataxic gait, inter-
mittent athetosis, and increased reflex. The computer
tomography provided evidence for a serious periventri-
cular and cortical brain atrophy. Initial symptoms (im-
pairment of comprehension, reduced memory, reduction
of affective reactions, and reduction of spontaneous ac-
tivity) had been observed by the parents around age
16–17 years. The younger sister (30 years old) shows a
serious dysarthria, hyperkinesia of the limbs and face,
ataxic gait, and impaired coordination. Her emotional
state is often inappropriate, with unrealistic future ex-
pectations. The first neurological signs were seen at age
23 years as athetosis and gait impairment. The parents
reported that gait disturbance had been apparent for a
long time. The diagnosis of HD was delayed by the ab-
sence of a positive family history. DNA of the probands
was extracted using a standard procedure. PCR ampli-
fications were carried out as described elsewhere (War-
ner et al. 1993). Analysis of the CAG trinucleotide of
the HD gene revealed the presence of 66 CAG repeats
in the older sister and 57 CAG repeats in the second
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Figure 1 A, Pedigree of the family showing the genotype of the family. The two affected sisters harbor expanded alleles of 66 CAG
repeats and 57 CAG repeats. The allele of the proband II1, with 15 CAG repeats and 10 CCG repeats, must be of paternal origin, since the
mother (I1) does not carry any of them. Therefore, the allele with 66 CAG repeats is of maternal origin. The second proband (II2) carries an
allele with 21 CAG repeats inherited from the father (I2) and, consequently, the expanded allele with 57 CAG repeats inherited from her mother.
The analysis at locus D4S115 proves that the sisters inherited the same maternal chromosome 4 from the mother and that the genotyping at
locus D4S2936 is compatible with the inheritance of the same maternal chromosome 4. The genotyping at locus D4S126 was not informative.
B, Radiograph of the PCR analysis of the CAG repeats in the HD gene. Genomic blood DNA was amplified from two sisters and the parents,
as described, and the products were separated on a 5% denaturing polyacrylamide gel. The father of II1 (lane 2) carries 20 and 21 CAG repeats.
The mother (lane 3) has one allele with 18 CAG repeats and a second allele in the “mutable normal allele” range of 36 CAG repeats. In lane
1 is the large allele of ∼66 CAG repeats and the small one of 15 CAG repeats. In lane 4, the expanded allele is of ∼57 CAG repeats and the
small of 21 CAG repeats. The marker is on the left (M13mp18). Asterisks (*) denote CAG alleles.
sister (fig. 1B). PCR of the DNA of the father amplified
normal alleles with 20 and 21 CAG repeats. Interest-
ingly, analysis of the maternal CAG repeats detected an
allele with 36 CAG repeats and a normal allele with 18
CAG repeats. The 53-year-old mother did not have any
clinical signs of HD. PCR-mediated analysis of the loci
D4S115, D4S126, and D4S2936 and of the adjacent
CCG triplets in the HD gene demonstrated that both
sisters had inherited the same maternal chromosome 4
(fig. 1A). The maternal allele with 36 CAG repeats ex-
panded in both cases by 120 repeats. To exclude a gen-
eral instability of CAG repeats, we analyzed the SCA1
gene, the Machado-Joseph–disease gene, and the den-
tato-rubral-pallidoluysian atrophy gene. All alleles were
found to be stable and not expanded (genotyping avail-
able under request). The analysis of several polymorphic
markers shows that the two sisters have different fathers
(data not shown). The size determination of the CAG
repeats of the mother and of the two sisters have been
verified by sequence analysis of cloned PCR products.
At the 3′ end of the CAG repeat, we did not find any
sequence changes that have been previously described as
factors inducing allele instability (Chong et al. 1997)
(sequences provided, data not shown). Several studies
have shown that expanded CAG alleles are unstable dur-
ing transmission, particularly through the male germline.
The instability of CAG repeats in the HD gene has been
directly demonstrated with PCR-based analysis of sperm
population and single sperm showing a high variability
of HD alleles (Telenius et al. 1994; Goldberg et al. 1995;
Telenius et al. 1995; Chong et al. 1997; Leeflang et al.
1999). As a matter of fact, the sex of the transmitting
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parent seems to be one of the most important elements
influencing the stability of expanded alleles and of HD
alleles ( Leeflang et al. 1995). The difference in expan-
sion behavior of HD alleles in men versus that in women
might suggest sex-specific effects of gametogenesis on
the intergenerational CAG-repeat stability. Small slip-
pages of DNA polymerase at first might gradually lead
to an expansion, until a critical number of repeats is
reached, which could then undergo large expansions by
hairpin formation. This expansion mechanism might be
more “efficient” in the male germline because of con-
tinuous cell division of spermatogonia throughout adult
life. This suggestion might also explain the tendency for
repeat length in the offspring to increase as a function
of the paternal age (Farrer et al. 1992). To date, however,
there is no convincing explanation for the sex-specific
differences in stability. Our finding clearly demonstrates
the possibility of large expansions through the female
germline, most probably, in our case, as a result of go-
nadal mosaicism. Recent findings about the pathological
mechanism of polyglutamine expansions indicate a toxic
effect of the mutated proteins on specific cell populations
(Davies et al. 1997; Saudou et al. 1998). We hypothesize
that expansions and contractions of “unstable” CAG
repeats might occur in both genders during embryonic
development. Up to puberty, all primary oocytes are ar-
rested in the first meiotic prophase until maturation. We
suggest that in disorders where the protein is expressed
in oocytes (Li et al. 1993), as is the case with huntingtin,
the primary oocytes undergo progressive cell death dur-
ing this resting period, and those with the longest po-
lyglutamine tracts are eliminated first, causing a relative
enrichment of oocytes with small CAG repeats. The
probability of transmission of larger CAG repeats by
women carrying a CAG expansion could inversely cor-
relate with maternal age at conception. The corollary of
this is that older pregnant women might have a greater
probability of transmitting contracted repeats. In our
case, the mother of the two patients was 20 and 23 years
old at conception of the two daughters, which are rel-
atively young ages. In accordance with the suggested
model, the first sister has a larger expansion than the
second (66 versus 57 repeats, respectively). The other
five siblings, who were born later, did not have any clin-
ical signs. Unfortunately, they were not available for
a genetic test. Recently, Sato and colleagues examined
the intergenerational changes of expanded CAG repeats
in patients with dentato rubral-pallidoluysian atrophy
(DRPLA) (Sato et al. 1999). They found an age-depen-
dent increase in the number of CAG repeats among male
transmitters. Conversely, there was an age-dependent
tendency to contraction among female transmitters. No-
tably, the transmission through the female germline of
alleles of increased size in offspring was restricted to
young women. They also found similar patterns of in-
stability in DRPLA transgenic mouse lines. Three further
works (Kaytor et al. 1997; Wheeler et al. 1999; Shel-
bourne et al. 1999) have reported an instability of CAG
repeats in transgenic/knock-in mice and describe similar
contractions in female transmitters. These findings could
be in accordance with a negative selection of oocytes
with large expansions. A wide analysis of the age-related
intergenerational changes of CAG repeats in the HD
gene will be necessary to verify our hypothesis. In sum-
mary, our findings demonstrate the presence of gonadal
mosaicism in the ovary and show that very large ex-
pansions are possible through the female germline that
cause an early age at onset of HD.
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